Objective: We sought to estimate the prevalence of obesity and central obesity, and their association with type 2 diabetes mellitus in the Canarian community of Guía. Design and setting: Population-based study. Subjects: A random sample of 691 subjects over 30 y old (stratified by age and sex) was studied. Data and measures: Age, sex, family history of diabetes and medication use were obtained, height, weight and waist circumference were measured and standard oral glucose tolerance tests were performed Results: The prevalences of obesity=central obesity were 36.5%=66.5% (women) and 23.6%=32.0% (men). The prevalence of diabetes was 21.0% (women) and 18.4% (men). These rank among the highest in Europe. Bivariate analyses show a strong association of both obesity and central obesity with diabetes mellitus (P < 0.001), but in a multivariate model, waist circumference (P < 0.001) but not body mass index (P ¼ 0.212) was retained as an independent predictor of diabetes. Conclusion: The prevalences of obesity, central obesity and diabetes in our community are extremely high, and central obesity is a better predictor of diabetes than obesity.
Introduction
In the Canary Islands the prevalence of type 2 diabetes mellitus (DM-2) is among the highest ever reported in Caucasian populations (de Pablos-Velasco et al, 2001) . Obesity, especially central obesity, is the major risk factor Modan et al, 1986; Björntorp, 1994; Boyko et al, 2000) for There are wide variations among the known prevalence of obesity in the European countries (Seidell, 1997) . Previous estimations of the prevalence of obesity in the Canary Islands indicate that it may be among the highest in Europe (Navarro Rodríguez et al, 2000; Rodríguez-Pérez et al, 1993) . The aim of this study was to establish the prevalences of overweight, obesity and central obesity in a Canarian community (Guía) and their associations with DM-2.
Methods
In the council of Guía (Canary Islands) a stratified random sample of the 6355 resident inhabitants aged 30 y or older was taken. Subjects from each sex were chosen randomly from the municipal roster in 10 y age groups, as previously described (de Pablos-Velasco et al, 2001) .
One physician and one nurse who were specially trained for this study performed all procedures. Venous blood was obtained after a 12 h fasting period in all subjects; afterwards a standard oral glucose tolerance test (OGTT) was performed according to the WHO recommendations (WHO, 1994) , excluding those subjects with a prior diagnosis of DM.
The following information was requested from each subject: name, age, sex and chronic medication use. Personal and familial history of DM were considered positive if the subject stated that they had been diagnosed by their physician. Anthropometric measures were determined according to standardized procedures (WHO, 1995) .
Plasma glucose was measured by standard methods (Trinder, 1969 ) using a Boehringer Mannheim Hitachi 717 autoanalyzer (Tokyo, Japan).
The study design was revised and approved by the Ethical Committee of our Hospital. All subjects gave their informed consent for the study. DM and impaired glucose tolerance (IGT) were defined according to the 1998-WHO diagnostic criteria (Alberti & Zimmet, 1998) .
Low weight was defined as a body mass index (BMI) < 18.5; overweight as a BMI between 25 and 29.99; obesity as a BMI ! 30 -grade I obesity as having a BMI between 30 and 34.99; grade II obesity as having a BMI between 35 and 39.99; and grade III obesity as having a BMI ! 40 kg=m 2 , as defined by the WHO (1998). 'Central obesity' was defined as an equivalent of 'increased waist circumference', ie having a waist circumference > 88 cm in women and > 102 cm in men (NIH, 1998) .
Numerical variables are summarized as mean AE standard deviation. All statistical analyses (contingency table analysis, t-tests and multivariate logistic regression analysis) were performed with SSPS 9.0 (SPSS Inc., Chicago, IL, USA, 1999). The significance level was P < 0.05.
Results
Of 900 subjects who were invited, 691 were tested; the mean response rate was 76.8%. The response rate was similar in all age and sex groups (w 2 , P ¼ 0.29). The mean BMI was 28.1 AE 4.6 kg=m 2 and the global prevalence of obesity was 30.8%. The mean waist circumference was 95.3 AE 14.3 cm (women) and 97.6 AE 11.5 (men) and the global prevalence of central obesity was 51.4%. In Table 1 these prevalences are shown by decade and gender.
There were 25 subjects (24 of them women) with normal weight but central obesity, and 130 subjects (118 of them women) with overweight and central obesity. Globally, 23.1% of the population were not obese but had increased waist circumference; 76.1% of them were women.
There were only two subjects with type 1 DM, they were excluded from the analyses, and the rest of the diabetic patients were assumed to have DM-2. The global prevalences of DM-2 and IGT were 19.7 and 16.4%, respectively; 7.7% of the subjects with DM-2 and all of the subjects with IGT were not previously aware of their condition. BMI was 29.97 AE 5.04 kg=m 2 in the unaware and 29.95 AE 4.73 kg=m 2 in the aware diabetic subjects (P ¼ 0.988, non-paired t-test); waist circumference was 102.8 AE 11.7 cm in the unaware and 103.1 AE 13.1 cm in the aware diabetic subjects (P ¼ 0.737, non-paired t-test). The associations between obesity or central obesity and DM-2 or IGT are shown in Table 2 ; these associations were not significantly different between aware and unaware diabetic subjects. Prevalence of obesity in Canarian community PL de Pablos-Velasco et al
Of the subjects with a positive family history of DM, 28.5% (91=319) had DM-2, vs 12.2% of those with a negative one (relative risk 2.33; odds ratio 2.88, 95% CI 1.94 -4.28, w 2 , P ¼ 0.000). Thus, the association of DM-2 with a positive family history seems stronger than with obesity (odds-ratio 2.25; 1.53 -3.31) but weaker than with central obesity (oddsratio 3.01; 1.99 -4.56). In order to assess the weight of each of these factors, a multivariate logistic regression analysis was performed, with the presence of DM-2 as the dependent variable, BMI, waist circumference and age as continuous independent variables, and gender and family history of DM as categorical independent variables. The respective oddsratio, 95% confidence intervals and probabilities for female gender, BMI, family history of DM, age and waist circumference were 1.23 (0.79 -1.91; P ¼ 0.360), 1.04 (0.98 -1.12; P ¼ 0.212), 3.08 (1.99 -4.76; P ¼ 0.001), 1.03 (1.01 -1.05; P ¼ 0.000) and 1.05 (1.03 -1.07; P ¼ 0.000), with an overall 82.7% of correct predictions. In order to confirm the exclusion of BMI as an independent predictor of DM-2, a second logistic regression analysis was performed, with BMI and waist circumferences introduced as categorical variables (quartiles of the internal distribution). The P-values for female gender, BMI, waist circumference, family history of DM and age were 0.343, 0.291, 0.017, 0.000 and 0.000, with 80.6% correct predictions. Thus, waist circumference, age and positive family history of DM, but not gender and BMI, were retained as independent predictors of DM-2.
The exclusion of BMI as an independent predictor of DM-2 suggests that in subjects who were centrally obese, the prevalences of DM-2 should be similar in all BMI categories. In fact, these prevalences for normal weight, overweight and obese subjects were 24.0, 23.1 and 31.1% (w 2 not significant, P ¼ 0.269). Also, for subjects who were not centrally obese, the respective prevalences were 8.3, 13.0 and 15.8% (w 2 not significant, P ¼ 0.337). On the other hand, for each BMI category, the prevalence of DM-2 was significantly higher in centrally obese subjects than in not centrally obese subjects (w 2 , P ¼ 0.016; P ¼ 0.018 and P ¼ 0.024 for normal weight, overweight and obese subjects).
Discussion
This is the first population-based study of the prevalence of obesity and central obesity and their relationship with diabetes mellitus in the Canary Islands. The prevalence of obesity in Europe is reportedly highest in the Eastern countries (Seidell, 1997) . However, in our community we have found the highest prevalence of obesity in European men and the third highest in women after Lithuania and Russia. Our prevalences of central obesity were also strikingly high.
These results are concordant with the extremely high prevalence of DM-2 in our community (19.7%; de PablosVelasco et al, 2001), and could be partly explained because in the last few decades the lifestyle in our community has changed dramatically, from an agriculture-based economy to a tourist services economy, with the subsequent decrease in physical activity and change in dietary habits , although the possible contribution of other environmental and genetic factors is unknown.
Within the limitations of a cross-sectional study, our analyses have shown that the impact of central obesity on DM-2 is greater than the impact of obesity as previously described in other populations (Modan et al, 1996; Björn-torp, 1994; Boyko et al, 2000) . The impact of a positive family history of DM-2 was similar to that of central obesity, while the impact of obesity was lower. In addition, the multivariate logistic regression analyses showed that, when the waist circumference was included in the model, the BMI was no longer a predictor of DM-2, as shown also in Japanese Americans Boyko et al, 2000) . The association of IGT with central obesity in our population was also highly significant, but the association with obesity was weak. Prevalence of obesity in Canarian community PL de Pablos-Velasco et al
These findings seem to imply that the impact of extraabdominal fat on glucose metabolism is small. One remarkable finding of our survey is the fact that the prevalence of central obesity (ie increased waist circumference) clearly exceeds the total prevalence of obesity. This is explained by the fact that many non-obese subjects have increased waist circumference. Almost a quarter of our population (predominantly women) is in this situation, which is associated with a high prevalence of DM-2. We are not aware of previous reports of a similar finding and propose that a new category be included in future obesity classifications, namely 'non-obese subjects with increased waist circumference' or an equivalent descriptor.
The mechanisms that link central obesity and DM-2 are not fully established. The increased production of free fatty acids (Boden, 1999) and other mediators as TNFa (Hotamisligil, 1999 ) and resistin (Steppan et al, 2001 ) have been implied. Also, it has been shown that decreased adipocyte GLUT-4 expression is associated with obesity and impairs insulin action in muscle and liver (Abel et al, 2001) ; and that intramyocellular lipid accumulation is associated with insulin resistance (Dobbins et al, 2001) . More studies are needed in order to elucidate the relationship of central obesity and DM-2.
